OBJECTIVES The purpose of this study was to assess the potential of iterative image reconstruction (IR) of images for radiation dose reduction in coronary computed tomography angiography (CTA). Therefore, IR in combination with 30% tube current reduction was compared with standard scanning with filtered back projection (FBP) reconstruction.
cal image acquisition (4) (5) (6) (7) (8) (9) . However, the use of ionizing radiation remains a concern (10). Consequently, the ALARA (as low as reasonably achievable)
principle demands a radiation dose as low as reasonably achievable to optimize the risk/benefit ratio (11) .
Possible strategies for radiation dose reduction are decreasing the tube current and peak tube potential.
Both strategies lead to an increase in image noise that may impair diagnostic image quality (IQ). Thus, a concept to reduce image noise could be helpful to overcome those shortcomings and assist further reduce radiation dose.
Recently, new iterative image reconstruction (IR)
techniques with advanced raw data processing have been introduced by different computed tomography (CT) vendors using different approaches (12) (13) (14) (15) . The concept of IR is not new and has previously been used in other diagnostic imaging modalities such as singlephoton emission CT. In CT, IR helps to reduce artifacts and decrease image noise by using statistical models demanding high computed performance.
The aim of our study was to investigate the potential of IR for maintaining IQ while reducing radiation exposure in a prospective, multicenter and multivendor trial. Contrast injection protocols were carried out at the discretion of the local study investigator. .
METHODS
Deseive et al.
A U G U S T 2 0 1 5 : 8 8 8 DATA ANALYSIS. Data sets were evaluated in the coronary CTA core laboratory by 2 experienced readers separately in a blinded, randomized fashion.
Disagreements were solved by consensus. IQ was graded on an ordinal scale ranging from 1 to 4, with 1 representing nondiagnostic, 2 adequate, 3 good, and 4 excellent IQ. Detailed information on this scoring system is described elsewhere (7). IQ was assessed for each coronary artery (left main coronary artery, left anterior descending coronary artery, left circumflex coronary artery, and right coronary artery) and was then averaged for every patient.
The mottle score was used to assess vessel contour blurring. Contour blurring was assessed on a perpatient basis on an ordinal scale ranging from 1 to 4, which is described in detail elsewhere (8) . In brief, 
Iteration Reconstruction and CTA Radiation Dose (epsilon Verlag, Darmstadt, Germany) was used.
Statistical significance was defined as a 2-sided p value <0.05.
RESULTS
In total, 400 patients were enrolled in this study; 202 patients were randomized to the group with reduced current and IR, and 198 patients were randomized to the group with standard current and FBP. The atherosclerotic risk profile was comparable between both groups. 
FIGURE 1 Image Quality Results
Median image quality scores and interquartile ranges in the groups with iterative image reconstruction (IR) and filtered back projection (FBP) are presented on the left side. Noninferiority analysis is presented on the right side. The 95% confidence interval in the group with IR and reduced tube current did not cross the pre-specified margin of noninferiority. Figure 3 . Values are median (interquartile range), mean AE SD, or n (%). *No testing for statistical significance was performed because the study was not powered for intravendor or intervendor comparisons.
FBP ¼ filtered back projection; IR ¼ iterative image reconstruction.
FIGURE 3 Quantitative Image Quality Parameters
Significantly lower image noise was measured in the group with iterative image reconstruction (IR) and reduced tube current than in the group with standard current and filtered back projection (FBP). These results indicate that decreased photon density is well compensated for by IR at 30% tube current reduction.
STUDY LIMITATIONS. In the present study, the tube current was reduced by 30% and intermediate- (7). Accordingly, the current study did not investigate the noninferiority in terms of diagnostic accuracy compared with invasive coronary angiography, but rather used the IQ score as a surrogate endpoint.
Contrary to the previously mentioned study by Yin et al. (27) , no intraindividual comparison was performed in our study. Instead we compared both methodologies in a clinical setting allowing for representative data evaluation. Based on the experience of previous studies, we powered this study adequately to avoid the need for repeated contrast and radiation exposure (7, 8) .
In the IR group, a higher percentage of patients was examined using a tube potential of 100 kVp. A lower tube potential results in higher image noise, which could impair diagnostic IQ. However, we observed a lower image noise in the IR group, and the IQ score as the primary endpoint was noninferior in the IR group.
CONCLUSIONS
In conclusion, the PROTECTION V study demonstrates that diagnostic IQ is maintained when using IR TRANSLATIONAL OUTLOOK: On the basis of the current study findings, the use of IR algorithms in combination with a reduced tube current of at least 30% is generally recommendable for coronary CTA. Future studies must determine whether the tube current can be further decreased in combination with IR.
